S
leep problems are common in older adults; approximately 40% of older adults report having sleep difficulty. 1 Sleep disturbances contribute to a number of health consequences in older adults, including poor cognitive and physical function, interference with family and social relationships, pain, poor self-rated health, and risk of falls. 2, 3 Sleep problems of older people are often related to other chronic health conditions. Multiple causes such as age-related changes, pain, anxiety, depression, and chronic diseases are associated with sleep disturbances in older adults. 4, 5 A 2003 report from the National Sleep Foundation survey revealed that sleep problems seem more often related to comorbidities than normal aging. 6 In addition, growing evidence indicates that poor general health, cognitive impairment, and mortality are the serious consequences of sleep difficulties in older adults. 7 Sleep problems in persons with arthritis are thought to be related to pain symptoms. 8 In a review of sleep problems related to osteoarthritis, researchers found that knee pain, less education, poorer self-rated health, and poorer physical functioning were associated with sleep disturbances in older adults. 9 Chronic pain from arthritis is common in this population; national estimates show that 59% of the population aged 65 and older report chronic pain from arthritis. 10 In a study examining sleep disturbances and daily functioning in people with chronic pain, greater sleep disturbance was associated with more disability and physical symptoms. 11 An experimental study demonstrated that sleep deprivation had a hyperalgesic effect and that recovery of slow wave sleep had an analgesic effect in healthy adults. 12 In addition, day-to-day associations between sleep and pain in older adults with insomnia have been found. 13 Although studies have been performed examining the association between chronic pain and sleep problems in the general adult population, research is lacking on the relationship between chronic pain and sleep problems in older adults. Studies in older adults have primarily addressed selected pain sites such as the knee or knee arthritis in relation to sleep difficulty. 9 Sleep disturbances in relation to pain severity and the problem of multisite pain in older adults have not been studied. The purpose of this population-based investigation from the Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly (MOBILIZE) Boston Study is to better understand the relationship between sleep difficulty and domains of chronic pain in community-living older adults.
METHODS
From September 2005 to January 2008, study participants were recruited door to door based on a simple random sample from town and city lists identifying persons aged 70 and older living within a 5-mile radius of the study clinic at the Institute for Aging Research, Hebrew SeniorLife (HSL), Boston, Massachusetts. The recruitment area included most of Boston and parts of five nearby suburbs. Demographics of the town lists were comparable with the U.S. Census 2000 according to age and sex distributions. The geographic area was chosen to minimize the transportation burden and costs and to include a racially and socioeconomically diverse population. Details of the study recruitment and methods were published previously. 14, 15 Study eligibility criteria included aged 70 and older, ability to understand and communicate in English, plans to stay in the area for 2 years, and ability to walk 20 feet without personal assistance (walking aids permitted). Persons with advanced cancer and other terminal conditions were not enrolled in the study. In the initial recruitment, 5,655 households were sampled, and 4,319 people aged 70 and older were confirmed to be living in the selected households. Of 3,822 people who completed the initial eligibility screen at the door, 2,382 were eligible. Reasons for ineligibility included non-English speaking (44%), living in a nursing home (18%), too ill to participate (15%), unable to walk 20 feet (8%), impaired cognition (8%), planning to leave the area (3%), and impaired hearing (3%). Of those who were eligible, 1,616 (68% of those eligible) agreed to participate and were referred to the HSL study center. Finally, 765 persons, including 16 spouses aged 64 and older who joined the study, completed the two-part baseline enrollment, which included a home interview and clinic visit. Signed informed consent was obtained during the home interview. Persons who scored less than 18 on the Mini-Mental State Examination, used as a screen for moderate to severe cognitive impairment, were excluded from participation. 16, 17 The institutional review boards of the HSL and collaborating institutions approved all procedures and methods.
Chronic Pain Assessment
The Brief Pain Inventory (BPI), which measures pain in general without reference to pain distribution, was originally developed for assessing pain in people with cancer and was later validated for use in people with other pain. [18] [19] [20] The four-item BPI Pain Severity Subscale was used to measure overall painFat its worst, at its least, on average in the past week, and at presentFusing a 0 to 10 numeric rating scale, with 0 indicating no pain and 10 corresponding to ''severe or excruciating pain as bad as you can imagine.'' Pain distribution was measured using a 13-item joint pain questionnaire adapted from the Women's Health and Aging Study. Chronic musculoskeletal pain in the hands and wrists, shoulders, back, hips, knees, and feet was defined as pain lasting 3 or more months in the previous year and present in the past month. 21 Chronic joint pain was classified into four categories as follows: widespread pain (pain in upper and lower extremities and back), pain in two or more sites not meeting criteria for widespread pain, pain in a single site, and no pain. 22 To evaluate site-specific pain in the six musculoskeletal sites, an additional set of six pain distribution measures was designated as pain in the selected joint and one or more other joints, pain only in the selected joint, pain other than in the selected joint, and no pain.
Sleep Measurement
Three aspects of sleep difficulty were assessed using three items from the Center for Epidemiologic Studies Depression Scale, Revised (CESD-R): trouble getting to sleep, sleeping more than usual, and restless sleep. 23 For example, the CESD-R question was phrased as follows: ''Was your sleep restless?'' Response options for each aspect of sleep were not at all, less than 1 day over the past week, 1 to 2 days over the past week, 3 to 4 days over the past week, 5 to 7 days over the past week, or nearly every day for 2 weeks. For each of the three aspects of sleep, sleep difficulty was classified according to report of difficulty present on 1 or more days in the past week. Although brief, the sleep items from the CESD-R have been used previously in populationbased studies of sleep problems. [24] [25] [26] An empirical approach was used in classifying a sleep problem as report of difficulty on one or more days in the past week based on the distribution of the responses in the population, allowing for adequate group sizes for the analyses.
Sociodemographic and Health Characteristics
Sociodemographic characteristics including age, sex, race, and education were obtained during the baseline home visit. Participants self-reported physician-diagnosed medical conditions including heart disease, lung disease, and spinal stenosis or disc disease. Heart disease included reports of heart attack, angina pectoris, congestive heart failure, cardiac arrhythmia, and having a pacemaker. Peripheral neuropathy was assessed using the Semmes-Weinstein monofilament testing, applying a modified method from the Health, Aging, and Body Composition Study. 27, 28 Peripheral arterial disease was defined according to a disease algorithm, based on an ankle-arm index (AAI) less than 0.90 and the Rose Intermittent Claudication Questionnaire. 29, 30 Diabetes mellitus was defined according to a disease algorithm based on self-reported diabetes mellitus, antidiabetic medication use, and laboratory measures from the baseline clinic visit, including random glucose (4200 mg/dL) and glycosylated hemoglobin (47%). Experienced clinical nurses trained and certified by the study rheumatologist (RHS) assessed American College of Rheumatology clinical criteria for osteoarthritis of the hand and knee in the clinic examination. 31, 32 Body mass index (BMI; weight in kilograms divided by height in meters squared) was calculated from measured height and weight. Cognitive status was measured using the Mini-Mental State Examination. 16 Anxiety was measured using the anxiety subscale of the well-validated Hospital Anxiety and Depression Scale. 33 Depression was measured using a modification of the 20-item CESD-R scale. 34 Based on the CESD-R score excluding the three sleep items, participants were classified as having minor or major depression using a diagnostic algorithm applying Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria.
23,27
The Physical Activity Scale for the Elderly is a summary measure of activities performed in the previous 7 days. 35 Chronic disease management self-efficacy was measured using the validated Lorig self-efficacy scale. 36 
Medication
During the home visit, the interviewer examined all containers of prescription and over-the-counter medications used in the previous 2 weeks and recorded the names and amounts used. Analgesic medications included opioid and nonopioid analgesics. Psychotherapeutic medications included sedative, hypnotic, anxiolytic, antidepressant, and antipsychotic agents. Use of analgesic and psychotherapeutic medications was dichotomized as daily use versus no daily use.
Analytical Procedures
All data used in the study were analyzed using SAS version 9.2 (SAS Institute, Inc., Cary, NC). The prevalence of baseline characteristics according to BPI pain severity quartiles is presented using descriptive statistics and chi-square tests for trend (1 degree of freedom) for categorical variables and analysis of variance for continuous variables. To determine the relationship between chronic pain and the three sleep problems, a series of multivariate logistic regression models was performed to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) for occurrence of sleep difficulties related to the two domains of chronic pain (severity and distribution). In the first model, demographic characteristics (age, sex, race, and education) were adjusted for. In the second model, chronic medical conditions including heart disease, lung disease, diabetes mellitus, peripheral arterial disease, neuropathy, cognitive function, and self-efficacy for chronic disease management were added. BMI, physical activity, anxiety, and daily analgesic and psychotherapeutic medication use plus all variables from the second model were included in the third model. In the final model, depression based on the CESD-R without the sleep items was added. The same approach was used to examine the association between chronic pain in selected joints and the occurrence of sleep difficulties.
RESULTS
Older adults with more-severe pain were more likely to be female, obese, and less physically active, and have depression, anxiety, less education, lower income, poorer cognitive function, and less confidence in managing chronic pain (Table 1) . Pain severity was not associated with age. Medical conditions associated with pain severity included hand and knee osteoarthritis, spinal stenosis or disc disease, diabetes mellitus, lung disease, peripheral arterial disease, and neuropathy.
Approximately one-quarter of participants reported having had trouble getting to sleep on 1 or more days in the previous week. Reports of restless sleep were common (41%) and sleeping more than usual somewhat less common (16%) in this older population. The prevalence of trouble getting to sleep was greater with more-severe pain (17.8%, 18.7%, 32%, and 37%, respectively, according to BPI severity scale quartiles). Similar significant trends were observed for sleeping more than usual and restless sleeping ( Figure 1A ). For pain categorized according to pain distribution (no pain, single-site pain, multisite pain, and widespread pain), there were strong trends for higher prevalence of sleep difficulties with more-disseminated pain for each of the sleep measures ( Figure 1B) .
After adjusting for sociodemographic characteristics, chronic conditions, health behaviors, BMI, and anxiety, persons with the most-severe pain had more than twice the likelihood of having trouble getting to sleep on 1 or more days per week than those with the lowest pain severity scores (OR 5 2.33, 95% CI 5 1.35-4.01). Similar strong associations were observed according to pain distribution and with other measures of sleep difficulty, restless sleep, and sleeping more than usual. Additional adjustment for use of daily analgesic and psychotherapeutic medications and depression score modestly attenuated the risk estimates, but all associations remained significant except the relationship between pain severity and trouble getting to sleep (Table 2) .
When sleep difficulty measures were analyzed according to pain in individual musculoskeletal sites alone or in combination with other pain sites, modest and somewhat inconsistent associations were found (Table 3) . Pain in the upper body sitesFthe hands and shouldersFwere the only single sites independently associated with some sleep difficulties, although similar to the findings from Table 2 , pain in two or more sites was independently associated with a 16% to 41% greater likelihood of having sleep difficulties.
DISCUSSION
Similar to previous reports, chronic pain and sleep difficulties were common in older adults living in the community. Strong and consistent associations were observed between more-severe and -disseminated chronic pain and heterogeneous sleep complaints. Adjusting for potential underlying pathology and comorbidity and health practices did not materially alter the association. The findings also demonstrated that joint pain was associated with sleep difficulties primarily when multiple pain sites were involved.
A number of mechanisms have been identified as potential causes of sleep disturbances in older adults. One study addressed the interrelationship between chronic pain and sleep disturbance and reported that certain parts of brain (specifically, the thalamus and mesencephalic periaqueductal gray matter) were associated with pain and sleep and arousal. 37 Dysfunction of the hypothalamicpituitary-adrenal axis has been found to be associated with greater risk of developing chronic widespread pain. 38 A review found that aging was associated with sleep pattern changes such as less sleep time, delayed onset of sleep, earlier morning awakening, more-fragmented sleep, and more daytime napping. 4 Although changes in sleep patterns are not necessarily considered to be sleep disorders, older adults have a higher prevalence of sleep disturbances. Alternatively, others have concluded that sleep difficulties are not related to aging itself but instead to medical and psychiatric disorders and related health burdens. 6, 39 The current study did not find that the prevalence of sleep disturbances varied according to age in a population of adults aged 70 and older (data not shown). Others have found that sleep disturbances were associated with some medical disorders related to pain symptoms such as arthritis, low back pain, headache, and fibromyalgia. 8, 40, 41 In the current study, severity and distribution of pain were strongly associated with sleep disturbances, although consistent associations were not found between individual sites of pain and sleep difficulties, and only shoulder and hand pain were independently associated with some sleep disturbances. It is possible that upper limb pain may be more noticeable than lower body pain during sleep, particularly if people sleep on their sides.
These results indicate the complexity of pain problems and their consequences in older adults and the importance of assessing characteristics of pain, specifically pain severity and distribution. Diffuse distribution of pain is an important factor in the association between pain and sleep. These findings are consistent with other reports of functional consequences of widespread or multisite pain in older adults, including links between chronic musculoskeletal pain and the occurrence of falls in the MOBILIZE Boston population 42 and between widespread musculoskeletal pain and the progression of disability in older disabled women. 43 The traditional view of pain as a site-specific condition or one related to a single pathology may not be the most-informative approach in assessing pain that could contribute to sleep problems or other functional consequences in older persons. Current pain assessment guidelines 44 emphasize pain intensity and pain interference with function, important domains, but the common problem of disseminated or widespread pain is not addressed; assessment of pain distribution is addressed only minimally in the current guidelines.
A national study of Canadian adults demonstrated that arthritis-related sleep disturbances were largely due to pain severity. 8 In that study, arthritis was assessed according to self-report and was included in the same analytical models with pain. In contrast, the current study assessed arthritis using the American College of Rheumatology clinical criteria, which include pain in the definition. Therefore, presence of arthritis was not adjusted for in the multivariate regression analysis because it would represent an overadjustment for pain. Pain severity was associated with presence of knee or hand arthritis, but nearly half of participants who had the most-severe pain did not have clinically assessed hand or knee arthritis, suggesting that there are other pain conditions that contribute to the high prevalence of sleep problems in older adults. The relationship between sleep disturbances and pain may be more complex when associated with depression and anxiety. One study evaluated the relationship between pain, sleep problems, and depression in people with rheumatoid arthritis over a 2-year period. 26 The longitudinal analysis revealed that pain predicted subsequent sleep problems but that the reverse was not trueFsleep problems did not predict subsequent pain. In addition, sleep problems contributed to depression, but only in persons who reported high levels of pain. In the current study, when anxiety and depression were adjusted for, it did not substantially alter the relationship between pain and sleep difficulty.
This study showed that, after adjustment for use of psychotherapeutic medications and daily analgesics, the association between pain and sleep difficulties decreased modestly. Use of these medications may be an indicator of how burdensome sleep difficulties are for older people who have pain. Because use of psychotherapeutic and analgesic medications may be on the causal pathway from pain to sleep problems, including these measures in the analyses may represent an overadjustment for pain severity. Nonetheless, pain severity and pain distribution continued to be strongly and independently associated with sleep difficulty even after adjusting for psychotherapeutic and analgesic medications.
The analgesics and sedative hypnotic medications prescribed for chronic pain and promoting sleep have analgesic and sedating effects, so it is difficult to ascertain whether reducing sleep disturbances contributes to the reduction of pain interference on sleep or the soporific effects of the , from least-to most-severe pain. The trend was statistically significant for the association between pain measures and each sleep problem using Mantel-Haenszel chi-square test with one degree of freedom (w medications. 37 A recent pilot study suggested that better management of sleep can reduce pain in older adults with arthritis. 45 In contrast, a study on the use of a synthetic cannabinoid improved sleep in people with fibromyalgia but had no effect on pain. 46 Research is needed to determine whether better management of more-severe or -disseminated pain conditions in older adults also leads to better sleep.
One of the limitations of the current study is that it was a cross-sectional analysis portraying the concurrent relationship between pain and sleep disturbance. Longitudinal studies are needed to examine the persistence of these concurrent problems and to further elucidate the temporal aspects of these two chronic conditions. The advantages of the study over previous reports is that domains of pain severity and distribution were examined and that multiple potential confounders of the pain and sleep relationship were controlled for. An important strength of the study is that the findings are generalizable to the urban and suburban population of older adults living in the community.
In summary, sleep difficulties are common in older individuals and are significantly associated with more-severe and -disseminated pain. Sleep and pain are treatable with currently available pharmacological and nonpharmacological approaches, although side effects may limit use of the former. These findings suggest that chronic pain characteristics such as presence of multisite or widespread pain may be an important factor contributing to sleep difficulty and may need to be added to pain assessments in older patients. More research is needed to develop effective interventions for these prevalent and co-occurring disabling conditions, including better understanding of the barriers to implementation of effective pain and sleep disorder management in older adults. Ã From logistic regression models predicting sleep problems; model covariates included age, sex, race, education, heart disease, lung disease, peripheral arterial disease, diabetes mellitus, neuropathy, Mini-Mental State Examination score, chronic disease management self-efficacy, body mass index, Physical Activity Scale for the Elderly score, anxiety, daily use of analgesic medications, daily use of psychotherapeutic medications, and depression without sleep items.
